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Abstract[] Effects of insecticides on the cocoon formation and adult emergence in the field population of Cotesia 
plutellae were studied. Sublethal dosage of avermectin or fipronil was fed to the 2nd instar larvae of host Plutella 
xylostelld] DBM[[] in which the parasitoid С. plutellae were at the ege[] early and mid larval stages. When compared 
to the controll] the cocoon formation of С. plutellae reduced by 26.6%] 22.8% апа 5.8% if parasitized DBM 
larvae were fed on leaves treated with avermectin when the immature parasitoids were at the egg] early larval and mid 
larval stages[] respectively[] and by 76.9%[] 42.5% and 18.5 %[] respectively if parasitized DBM larvae were fed on 
leaves treated with fipronil. No significant depression on the adult emergence of С. plutellae was found in avermectin 
treatment. However] the adult emergence of the parasitoid reduced by 53.1%] 36.1% and 47.8% at the ер early 
and mid larval stages of the parasitoid in fipronil treatment. The results indicated that avermectin and fipronil[] even at 





very low dosaged] = LC, to the host insects[]] might still cause serious damage to the parasitoid’ s eggs or larvae. 
The effects of the insecticides on cocoon formation and adult emergence of С. plutellae varied depending on different 


insecticides and different developmental stages of the endoparasitoid . 


Key words[] Cotesia plutellae[] avermectin[] fipronil[] sublethal dosage[] cocoon formation[] adult emergence 


1 INTRODUCTION 


Indiscriminate application of insecticides to a pest 
can eliminate its parasitoids and predators апа 
exacerbate the pest problem. Parasitoid populations in 
the field are often largely suppressed as a result of 
indiscriminate application of insecticides. Efforts are 
now being made to search for alternative control 
measures. Biological control[] along with the integration 
of chemical and biological control systems for arthropods 
by the use of integrated pest management-compatible 
pesticides became increasingly concerned in pest 
management programs [] Villanueva-Jimenez et al.[] 
2000[] Hill and Foster[]2000[]. It was identified that 
Cotesia plutellad] Hym .[] Braconidae[] had the greatest 
control potential among the parasitoids of Plutella 
xylostelld] DBM Тер. ] Yponomeutidae[] in Fuzhou[] 
Chinal] Wu and Jiang[]2004[]. Many researches аге 
aimed at the toxicity and selectivity of insecticides[ such 
as organophosphates[]carbamates[] pyrethroids[] fipronil[] 





avermectin[]] benzoylphenyl шеа compounds and 
Bacillus thuringiensis toxin. formulation. against DBM 
and its parasitoids[] Haseeb et a/.[]2004[] Wu and 
Jiang] 2004[] Shi et al.[] 2004[]. Howevei[] the 
estimated lethal dose during acute toxicity tests may 
only be a partial measure of the deleterious effects. In 
addition to direct mortality induced by pesticides[]their 
sublethal effects on arthropod physiology and behavior 
must be considered for a complete analysis of their 
impact. An increasing number of studies and methods 
related to the identification and characterization of the 
sublethal effects [] including effects on learning 
performance[]behavior[] and neurophysiology[] have been 
published in the past 15 year] Desneux et al . 02007. 
The sublethal effects of insecticides on C. plutellae 
were reported] Talekar and Yang[]1991[] Shi et al .[] 
2004[]. In addition[] the cocoon formation of C. 
plutellae could be depressed when parasitized DBM 
were fed on sublethal dosage of fenvaleratd] Li et al .[] 
2002[[kpinosad] Li et al .[] 2005 and methamidophos 
О Lin et al.[] 20070. Significant inhibitions of cocoon 
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adult Diadegma 
semiclausum|] a larval parasitoid of DBM[]were found 


formation and emergence of 


when parasitized larvae of DBM were fed on avermectin 
П Iqbal and Wright 1996[]. Laboratory selection for 
fenvalerate resistance of larvae DBM showed that 
parasitoid larvae could be exposed to insecticide 
selection via the hosts[] selection with more resistant 
hosts could accelerate development of resistance in the 
parasitoid and resistance genes selected during larval 
development of parasitoid could be expressed at its adult 
stagd] Li et al.[] 20020. C. plutellae can develop its 
resistance to insecticides in the field just as its host 
DBM. Significant development of resistance to 
methamidphos was found in C. plutellad] Wu et al .[] 
2004[]. The evolution of insecticide resistance in 
parasitoids could be affected either directly by exposing 
to the spray in the field[]or indirectly by insecticide 
penetration in the hosi Iqbal and Wrighi[] 19960 Wu 
et al .[] 2004[] Lin et al .[] 20070. 

Howevei] the 
endoparasitoids as affected by the sublethal insecticide 


study on the development of 
dosages on their host larvae was limited[] and the cases 
plutellae ог 
endoparasitoids could not be found yet. The present 
paper describes adult 
emergence of Cotesia plutellae as affected by the 


of avermectin in С. fipronil in 


the cocoon formation and 


sublethal avermectin and fipronil on the larvae of DBM 
at different developmental stages of С. plutellae . 


2 MATERIALS AND METHODS 


2.1 Sources of insects 
DBM and plutellae were 
collected from the commercial crucifer [] Brassica 


its parasitoid C. 


oleracea var. italica L.[] vegetable fields in Shangjie[] 
Minhou[] Fujian[]China. The two insect species were 
collected when the climate was conducive to their 
development. The field-collected DBM pupae and C. 
plutellae cocoons were reared in an environmental 
chamber at 25% with a photoperiod of 16:8] L: 00 
before the test. Newly emerged adults of DBM[] Fo 
parentd] and C. plutellael] Fo parents[] were used to 
determine the susceptibility to the insecticided] Table 
10. In Tables 2 and 30 Е, progeny 2nd instar larvae of 
the field collected DBM and newly emerged C. 
plutellad] Fo parents[] were used to study the effects of 
sublethal insecticide on immature development of C. 
plutellae . 
2.2 Chemicals 

Avermectin[] 1.8% ЕСП was obtained from 
Shijiazhuang Insecticide Со. Ltd.[] Неђе | China[] 
and fipronil[] 5% SC[] from Rhone-Poulenc АСП 


France. 


2.3 Determining the toxicity of insecticides to 
insects 

A residual film technique was adopted for our 
bioassay of adult of C. plutellae and DBM] Shi et al .[] 
2004[]. A volume of 2.0 mL insecticide solution in 
acetone was poured into a glass vial] 1.2 cm diameter[] 
10 cm length[[land capped by a rubber plug. The 
solution in vial was vibrated] swirled[] for 10 s. 'Then[] 
the excess solution was poured off vertically[]and the 
treated vial was inverted on a wire rack. The residue 
was air-dried for 4 — 5 h to produce the dry film which 
covers the inner surface of the vials. After the solvent 
was fully evaporated[]treated vials were used for the 
bioassay. Control vials were treated with acetone only. 
Newly emerged adults of C. plutellae and DBM were 
introduced into the vial and left in contact with the 
insecticide for 48 h. The vial was provided with a 1596 
honey solution for food. Each concentration was 
replicated three times[]each with 15 individuals. The 
mortality was recorded at 48 h after treatment . 

In addition[]a leaf-dipping technique was adopted 
for the bioassay of 2nd instar larvae of DBM according 
to Wu et al.[] 2004[]. The test solutions of the 
insecticide formulation were prepared by dilution with 
water containing 0.02% Triton-X100 to make desired 
concentrations. B. oleracea leaves[] 5 cm x 5 сл] 
were dipped for 10 s in an insecticide solution and left 
to air dry at 25°C. The treated leaves were then 
introduced into a plastic cup[] 200 mL[] and 15 2nd 
instar larvae of DBM were placed on each leaf. Each 
For the 
control[] B. oleracea leaves were dipped in distilled 
water containing the spreading agent only. The mortality 
was recorded at 48 h after treatment. Larvae which did 
not respond to pencil tip prodding were judged to be 
dead. Each toxicity regression equation of each 
insecticide was calculated based on five concentrations 
and their corresponding mortalities done with about 150 
larvae. ІС у and LCsg values were calculated based on 


concentration was replicated three times. 


the toxicity regression equation for 2nd instar larvae of 
DBML[] respectively. The dosage at 1С was used to 
feed the 2nd parasitized larvae of DBM. 
2.4 .Parasitized larvae of DBM were fed on 
insecticides on the first day after oviposition by 
parasitoid 

It was reported that the developmental durations of 
C. plutellae’ s egg and larval stage were about 2 — 3 
and 7 – 8 days[Jrespectively at 25% in environmemtal 
chamber[] Ke and Fang[]1982[]. Therefore[] it was 
defined in this study that the C. plutellae in the host 
larvae was at the egg stage[] early larval stage and mid 
larval stage[] respectively when parasitized larvae of 
DBM were fed on insecticide-treated leaves on the first[] 
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3rd and 5th day after oviposition by С. plutellae at 
25%. In order to study the effects of insecticide 
treatment on the cocoon formation and adult emergence 
of C. plutellae when the parasitoids were at the egg 
stage of development[] the method reported by Iqbal and 
Wright] 19960 was used. An undamaged B. oleracea 
plani{]which was 20 cm high and with 6 leaves[]was 
planted in a big plastic cup with soil[] and put in an 
environmental chamber at 25°C with a photoperiod of 
16:8] L:D[] for 2 days. Then[] the leaves of the B. 
oleracea plant were dipped for 10 s in an insecticide 
solution and left to air dry at 25%. The concentration 
of insecticide solution was produced at the LC; value[] 
which was calculated based on the toxicity regression 
equation of the insecticide for 2nd instar larvae of 
DBM. The pretreated B. 
transferred into a cage[] 20 cm diameter x 30 ст 
length[] in an environmental chamber at 25°C with a 
photoperiod of 16:9] L:D[]. The cage was confined by 
a fine mesh nylon net and the bottom with a white 
plate. Twenty 2nd larvae of DBM with 6 h starvation 
were introduced into the cage and fed on the pretreated 
cabbage leaves for 2 h. These 20 larvae of DBM were 
then used to expose to parasitoids for oviposition. One 


oleracea plant was then 


pair of pre-mated male and female C. plutellae adult of 
was then introduced into the cage with pretreated B. 
oleracea plant and 20 larvae of DBM[]and used for 
parasitoid’s oviposition for 8 h. The pair of C. 
plutellae adults was then removed from the cage. The 
20 2nd instar larvae of DBM in the cage were reared 
continuously on the pretreated B. oleracea plant until 
the pupae of DBM and the cocoon of С. plutellae were 
formed. Seven days later[] the numbers of cocoon 
formation of С. plutellae were recorded daily until all 
the cocoon of С. plutellae were recorded. For each 
insecticide treatment[] five replications were made. 
Thus[] 100 2nd instar larvae of DBM for each insecticide 
were needed. The numbers of adult emergence of C. 
plutellae were also recorded based on the collected 
For the control[] B. 
dipped in distilled water containing the spreading agent 


cocoon. oleracea leaves were 
only . 
2.5 Parasitized larvae of DBM larvae were fed on 
insecticides on the third and fifth day after 
oviposition by parasitoid 
In order to study the effects of insecticide 
treatment on the cocoon formation and adult emergence 
of C. plutellae when the parasitoids were at the early 
and mid larval stages[] the method reported by Li et al. 
[] 2002 was used. A pair of male and female adults of 
C. plutellae was put in a vial. After C. plutellae had 
mated successfully[] the female adult of C. plutellae 
was introduced into an another vial. Then[] one 2nd 


instar larva of DBM was introduced into the vial to 
expose to parasitoid’ s oviposition in an environmental 
chamber at 25°C with a photoperiod of 16:8] L: DO. 
As soon as the female C. plutellae had oviposited 
successfully one time[] i. e.[]oviscapt pricked in the 
larva body one time[T] the parasitized larva of DBM was 
removed from the vial. Then[Janother 2nd instar larva of 
DBM was introduced into the vial for the oviposition by 
the same female adult of С. plutellae again. In total[]4 
to 5 2nd instar larvae of DBM were exposed to 
oviposition by one female adult of C. plutellae . Then[] 
another newly mated female was used for the parasitism. 
Twenty 2nd instar larvae of DBM were used for each 
experiment. The 20 parasitized 2nd instar larvae of 
DBM were introduced into a plastic cycle Бох] 10 cm 
diameter x 30 cm length[[]and fed on a fresh B. 
oleracea leaf[] non-insecticide-leaf[] in the first three 
days. 
aluminium foil. After the larvae DBM were fed on the 
fresh leaves for 3 or 5 days[] the fresh B. oleracea leaf 
was removed from the box[] respectively[] and replaced 
by a leaf treated with insecticide. The treated leaf had 
been dipped in a solution of the insecticide for 10 


The leaf was kept moisture by cotton and 


seconds at Со dosagd] sublethal dosage for 2nd instar 
larvae of DBM[T] and left to air dry at 25%. For each 
insecticide treatment[] six replications were made. 
Thus[] 120 2nd instar larvae of DBM for each insecticide 
treatment were needed in total. The experiments were 
conducted in an environmental chamber at 25°C with а 
photoperiod of 16 : 8] L: DO. For the control[] В. 
oleracea leaves were dipped in distilled water containing 
the spreading agent only. The numbers of cocoon 
formation of C. plutellae were recorded daily until all 
the cocoon of C. plutellae was recorded. The numbers 
of adult emergence of C. plutellae were also recorded 
based on the collected cocoon. 
2.6 Statistical analysis 
The insecticide bioassay data were analyzed by 
probit analysis [] Finney[] 1971 [] using DPS data 
processing system [] Tang and Feng[] 1997 П. The 
significance of difference for cocoon formation and adult 
emergence was calculated by t-test or Duncan’s 
multiple range test[] Tang and Feng[]1997[]. The 
percentage of cocoon formation of C. plutellae = 
[] cocoon number/number of tested larvae DBM[] x 100. 
The percentage of adult emergence of C. plutellae = 
number of emerged adult of С. plutellae/number of 
cocoon of C. plutellae x 100. 


3 RESULTS 


3.1 Toxicity of insecticides to DBM and C. 
plutellae 
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The susceptibility to fipronil was far higher than 
that to avermectin in the adults of DBM and C. 
plutellae. Besides[] adults of DBM showed far lower 
susceptibility to the two insecticides than those of С. 
plutellae based on the mortality obtained by the dry film 
method] Table 10. When compared the LC, values of 
the two insecticides obtained by leaf dipping method[]in 
view of the overlap of 95% confidence Біти] СІП of 


LCs values[] the susceptibility of 2nd larvae of DBM to 
the two insecticides was similat] Tables 2 and 3[]. The 
mortality of DBM larvae obtained by leaf dipping method 
was far higher than that of C. plutellae adults obtained 
by dry film method at the same concentration of 
avermectin[]while far lower than that of C. plutellae 
adults obtained by dry film method at the same 
concentration of fiproni[] Tables 2 and 3[]. 


Table 1 Susceptibility to insecticides in the adults of Cotesia plutellae and DBM in Shangjie[] 
Minhou[] Fujian[] China by using dry film method 


Adults of C. plutellae* 


Adults of DBM! 








Insecticides Treated dosages Mortality] %0 Treated dosages Mortality] %0 
O mg L'O 0480 O mg L'O 048 H[] 
Avermectin 9 76.7 + 15.3 1 800 100 
Avermectin 6 53.34€ 11.5 1 200 50.0 + 17.3 
Avermectin 3 0 600 0 
Fipronil 0.25 100 6.25 93.3+5.8 
Fipronil 0.125 90.0 + 10.0 1.25 0 


all Each concentration was replicated three times[]each with 15 individuals. 


3.2 Cocoon formation and adult emergence when 
treated at the egg stages of C. plutellae 

When compared to the control[] the cocoon 
formation and adult emergence of C. plutellae reduced 
by 26.6% and 13.1% on average[] respectively[ when 
larvae DBM were fed on avermectin at the egg stage of 
the parasitopid.] and by 76.9% and 53.196[] 
respectively when DBM larvae were fed on fipronil. 
Significant depressions on the  parasitoid's cocoon 
formation when treated by the two insecticides[] and on 
the parasitoid’ s adult emergence when treated fipronil 
were found. However[] there was no significant 
depression on the adult emergence of С. plutellae by 
avermectin treatment. 
3.3 Cocoon formation and adult emergence when 
treated at the early and mid larval stage of C. 
plutellae 

When parasitized DBM were fed on sublethal 
dosage of avermectin at the early larval stage of C. 
plutellad] i. e.[] on the 3rd дау) the percentage of 
cocoon formation of C. plutellae decreased markedly 
[] inhibition 22.8%[. But no 


depression on cocoon formation of C. plutellae was 


rale = significant 
found if the avermection treatment was used at the mid 
larval stage of С. plutellael] i. e.[] on the 5th дау. 
In addition[] по significant depression on the adult 
emergence of C. plutellae was found when DBM larvae 
were treated with avermectiin on the 3rd or 5th day. 
Fipronil treatment displayed significant depression on 
the cocoon formation. The inhibition rate was 42.5% 
when the DBM larvae were treated with the insecticide 
on the 3rd day[] and 18.596 when treated on 5th day. 
Meanwhile[] significant depressions on the parasiotoid' s 
adult emergence were found when the DBM larvae were 


treated with fipronil at both early and mid larval stages 
of the parasitoid. 

Fipronil treatment displayed sinificantly higher 
depression on the cocoon formation and adult emergence 
of C. plutellae than avermectin treatment when DBM 
were treated with avermectin or fipronil] Tables 2 and 
3[]. The depressions on the cocoon formation when the 
two insecticides were applied at the parasitoid’ s egg 
stage[] Table 2[] were significantly higher than those 
when applied in the parasitoid' s larval stage[] Table 
30. The depression of the two insecticides on the 
cocoon formation was significantly higher than that on 
adult emergence no matter that DBM were fed on the 
insecticides at the egg or larval stages of C. plutellae 


[] Tables 2 and 3[]. 
4 DISCUSSION 


The susceptibilities to the two insecticides in C. 
plutellae adults were far higher than those in DBM 
adults based on our results obtained by dry method 

[] Table 1[]. Avermectin and fipronil are thought to be 
effective insecticides to control the DBM in the field[] 
and the recommended rate for field application is about 
18 mg/L for avermectin and 25 mg/L for fipronil. In 
view of contact toxicity of avermectin and fipronil 
obtained by dry film method] Table 1[[] the control rate 
of avermectin for DBM in the field seemed to be low 
toxic to the adults of C. plutellae by contact action in 
the field. Different from avermectin[]fipronil at the 
contro| rate was highly toxic to the adults of C. 
plutellae by contact action in the field. However[] 
avermectin and fipronil ingested by larvae DBM were all 
highly toxic to the eggs[learly or mid stage larvae of С. 
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plutellae[] because the cocoon formation or adult 

emergence of С. plutellae were inhibited significantly if 

the parasitized DBM larvae were fed on leaves treated 

with avermectin and fipronil[] even at very low dosages 
П = LCa to the host insects[T] Tables 2 and 30. 

The effects of the insecticides on cocoon formation 
and adult emergence of C. plutellae varied depending 
on different developmental stages of parasitoid. The 
cocoon formation of C. plutellae was inhibited if the 
parasitized DBM larvae were fed on leaves treated with 
avermectin when the immature parasitoids were at the 
egg and early larval stages[]but no significant inhibition 
on cocoon formation of C. plutellae was found if the 
parasitized host larvae were fed on avermectin when the 
immature parasitoids were at the mid larval stage. It 
seemed that the tolerance of С. plutellae to avermectin 
at its mid larval stage might be higher than those at its 
egg and early larval stages. Perhaps[] because the 
toxicity of the two insecticides decreased significantly on 
the B. 


during this period[] the depression of avermectin or 


oleracea leaf or metabolized in the host larva 


fipronil at Суу dosages on the cocoon formation was 
significantly higher than adult emergence in general 
[] Tables 2 and 3[]. 

'The effects of the insecticides on cocoon formation 
and adult emergence of С. рішеПае also varied 
selection [] dosage and 
chemical class[]. For instance[] the cocoon formation of 


depending on  insecticide 
Diadegma semiclausum|]a larval parasitoid of DBM[] 
could be inhibited by avermectin when parasitized Р. 
xylostellae were treated at low dosaged] LC 9 values for 
larvae DBM[]. Moveover[] the adult formation was also 
inhibited by avermectin[] when P. хуомеЏае were 
treated at high dosages] Са. On the other hand[] 
treatment of DBM larvae with teflubenzuron showed little 
effect on the number of parasitoid cocoons formed and 
the number of adult parasitoids emerged[] Iqbal and 
Wrighi{] 1996[]. Significant depressions on cocoon 
formation of С. рішеПае were found when the host 
insects were treated with methamidophos at LCs, 
dosage. However[] there was no significant depression 
on the adult emergence of C. plutellae at this dosage 
П Lin et al.[] 20070. The toxicity of fipronil to C. 
plutellae was far higher than that of avermectir{] in this 
study[] and methamidophod] Wu and Jiang[] 2004[]. In 
this study[]no inhibitions on cocoon formation were 
treated with 
avermectin on 5th day[]and no inhibitions on adult 


found when parasitized DBM were 


emergence were found when parasitized DBM were 
treated with avermectin on the 180 3rd and 5th day[] 
respectively. Номеуе ] both cocoon formation and adult 
emergence of С. plutellae were inhibited significantly 
when the parasitized DBM were fed on the leaves treated 


with fipronil at ИС) dosage to DBM on the 150 3rd and 
5th day[] respectively] corresponding to the ege[] early 
and mid larval stages of the parasitoids[]. In addition[] 
corresponding to the insecticide  toxicity[] fipronil 
exhibited significantly higher depression on the cocoon 
formation and adult emergence of the parasitoid than 
The fact indicated that fipronil might 


produce more serious damages to the immature C. 


avermectin. 


plutellae than avermectin in the field application. Our 
results showed that avermectin and fipronil[] even at 
very low leveld] ПС to DBM larvae[] might still be 
severe for the eggs or early larvae of C. plutellae in 
this study. The facts should be considered in risk 
assessment of insecticide to non-target insects. 

The insecticides ingested by host insect inevitably 
create a challenge to endoparasitoids that leads to 
endoparasitoid’ s insecticide resistance. Different from 
pest insects[]the C. plutellae living inside its host 
larvae did not face directly to insecticides in the field 
because of being protected by the host larvae. Thus[] 
the parasitoids are not subjected to the same selection 
pressure as their host insects. Survival of the parasitoid 
could occur if the parasitoid was contacted with 
insecticides at a low dose or for a short time[] or came 
from neighboring unsprayed vegetables and weeds[]or 
the host was parasitized successfully before spraying. 
The facts might result in a low increase level of 
insecticide resistance in parasitoids. The insecticides 
ingested by host insects might be an important selection 
factor for the evolution of endoparasitoid’ s insecticide 
resistance in addition to contact with the insecticides 
directly in the field. In this study[] endoparasitoid was 
selected during the egg and larval stages with the two 
insecticides. This phenomenon as observed in our study 
could be a possible path for endoparasitoid’ s resistance 
development . 

Almost every insecticide applied in field was found 
in DBM. In certain parts of the world[] economical 
production of crucifers has become almost impossible 
because of its resistance to insecticides and the resultant 
control failure. A coordinated resistance management 
program needs to be implemented with the involvement 
industry[] local pesticide regulatory 
authorities[ Ecientists and farmers. The judicious use of 


of pesticide 


chemicals in conjunction with other control measures 
including biological control agents is the best way to 
manage DBM and other pests of cruciferous crops 
П Sarfraz and Keddie[] 2005[]. However[] resistance 
might be less common in natural enemies than in 
herbivores due to a variety of factors[] including a 
generally lower detoxification capacity[] lacking pre- 
adaptation[T]lower genetic variability[] in response to 
pesticides[] and the fact that they spent less time on 
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treated habitats] Croft and Strikler[]1983[] Tabashnik[] 
19860. The evaluations of insecticide toxicity to 
parasitoids were mainly focused on the lethal effects. 
However[ ]sublethal insecticides also showed significant 
effects on the development[]production and behavior of 
parasitoidd] Gu and Waage[]1990[] Desneux et al.[] 
2007[]. Because a natural enemy would rarely survive at 
most effective control doses for the host[] in particular in 
the case of parasitoidd] Croft and Strikler[] 1983[] Wu 
and Miyata[] 2005[T]insecticide selection[] type and 
dosage[[]application timing and the establishment of 
refuged] the keep of weeds outside of the fields[] would 
be very important in the integration of chemical and 
biological control . 





ACKNOWLEDGEMENTS We thank Lin graduated 


student of Fujian Agriculture and Forestry University[]for his help in 











collecting the insects from the fields. This work was supported by 











China-Japan Cooperation Program|] the Ministry of Science and 
Technology{] Ста] 2005DFA30440[] and National Natural Science 
Foundation of Chind] 307714130. 


























References 


Croft BA[] Strikler KO 1983. Natural enemy resistance to pesticides] 
documentatior{]characterization[]theory and application. 10 Georghiou 
СРО Saito T eds. Pest Resistance to Pesticides[] Plenum[] New York. 
669 – 702. 

Desneux МО Decourtye АП Delpuech ЈМО 2007. The sublethal effects of 
pesticides on beneficial arthropods. Ann. Rev. Entomol .[] 520 81 – 
106. 

Desneux МО Вава тапапа H[]Kaiser 1[]2004. Dose-response relationship in 
lethal and behavioural effects of different insecticides on the parasitic 
wasp Aphidius ervi. Сћетогрћете 54 619 – 627. 

Finney DJ[] 1971. Probit Analysis. Cambridge University Press] Cambridge. 

Gu DJ[] Waage JK[]1990. The effect of insecticides on the distribution of 
foraging parasitoids[]Diaeretiella rapad] Нут. Braconidae[] on plants. 
Entomophagal] 35[] 49 – 56. 

Haseeb M[]Liu TX[]Jones WA[]2004. Effects of selected insecticides on 
Cotesia рішеПае[] endoparasitoid of Plutella xylostella . BioControl 490 
33 - 46. 

Hill TA[]Foster RE[]2000. Effect of insecticides on the diamondback moth 

П Lepidoptera[] Plutellidae[] and its parasitoid Diadegma insulare 
П Hymenoptera[] Ichneumonidae[]. J. Econ. Entomol.[] 930 763 – 
768. 

Iqbal M[] Wright DJ[] 1996. Host resistance to insecticides can confer 
protection to endo-larval parasitoids. Bull. Entomol. Res.[] 860 721 
- 723. 

Ke LDU Fang ЈИ] 1982. Study on the biology of Apanteles plutellae Kurdk; . 
Acta Phytophylacica Sinica] 90 27 - 34.[] 0 0 0 00 O 0 01982. O 
000000000.000000 09027-340 


Li YX[] Liu 880 Yu JPO Lou ОРО Tan ZH[] 2002. Lethal and sublethal 
effects of fenvalerate applied to host larvae on the parasitoid Cotesia 
plutellae .. Acta Phytophylacica Sinica[] 290 217 - 22200 00 (TI 0 
0 000000 000 0202. (00 000 00 0 000 
00000000000000.000000020217- 
22201 
Li ZM[] Liu YQU Li 550 2005. Lethal and sublethal effects of spinosad on the 
parasitoid Cotesia plutellae. Chinese J. Pestic. Sci 17024– 2810 
00000000 0 0 feos. 00000 000 00000 0 
00000.0000000 1024-280 
Li YX[] Liu 550 Tan ZH[] 2002. The effect of host insecticide resistance on 
the development of resistance to fenvalerate in Cotesis plutellae 
0 Hymenoptera[] Braconidae[]. Acta Entomol. Sin.[] 450 597 – 602. 
000000000000202. 0000000000000 
000000.0000 0450 597 – 6020 
Lin YW[] Wu G[] Miyata ТО 2007. Insecticide susceptibility of surviving 
Cotesia plutellae[] Hymenoptera[] Braconidae[] and Diaeretiella rapae 
O M’ Intosh[T]. Hymenoptera[] Aphidiidae[] as affected by the sublethal 
insecticide dosages on their host insects. Pest Manag. Sci.[] 630 841 
- 850. 
Sarfraz M[] Keddie BA[] 2005. Conserving the efficacy of insecticides against 
Plutella xylostelld] 1..1) Lep.[]Plutellidae[]. J. Appl. Entomol .0 30 
149 – 157. 
Shi ZH[] Guo SJ[] Lin УСД Liu SS[] 2004. Evaluation of selective toxicity of 
five pesticides against Plutella xylostellal] Lep[] Yponomeutidae[] and 











their side-effects against Cotesia plutellae[] Hym[] Braconidae[] and 
Oomyzus sokolowski[] Hym[] Eulophidae[]. Pest Manag. Sci.[] 600 
1 213- 1 219. 

Tabashnik ВЕП 1986. Evolution of pesticide resistance in predator/prey 
system. Bull. Entomol. Soc. Am .[] 320 156 – 161. 

Talekar NS[] Yang JC[] 1991. Characteristic of parasitism of diamondback 
moth by two larval parasites. Entomophagal] 360 95 – 104. 

Tang QY[] Feng МСП 1997. Practical statistics and DPS data processing 
system. In[] Tang ОУП Feng MG eds. DPS Data Processing System for 
Practical Statistics. China Agriculture Press] Beijing. 188 – 195.0 0 
000000.00000000 реѕ0 00000. 0000 
000000.00000000 оРѕ000000. 000 
0000000. 188 – 1950 

Villanueva-Jimenez ЈАП Hoy МАП Davies FS[] 2000. Field evalution of 
integrated pest management-compatible pesticides for the citrus leafminer 
Phyllocnistis citrellal[] Lepidoptera[] Gracillariidae[] and its parasitoid 
Ageniaspis citricold] Hymenoptera[] Encyrtidae[]. J. Econ. Entomol . П] 
930 357 - 367. 

Wu СП Jiang SRO 2004. Susceptibility to insecticides and enzymatic 
characteristics Plutella xylostella and its parasitoid Apanteles plutellae 
Kurdkj. Acta Entomologica Sinica] 470 25 - 200 000 0 00 
2004. DOO 00 000 00000 0000 00 0 0000 
OO0.0000 0470 25 – 320 

Wu СО Jiang SRO Miyata ТО 2004. Seasonal changes of methamidophos 
susceptibility and biochemical properties in Plutella xylostella 





[] Lepidoptera] Yponomeutidae[] and its parasitoid Cotesia plutellae 

П Hymenoptera] Braconidae[]. J. Econ. Entomol.[]9[]1 689 – 1 698. 
Wu G[] Miyata Т0 2005. Susceptibilities to methamidophos and enzymatic 
characteristics in 18 species of pest insects and their natural enemies in 


crucifer vegetable crops. Pestic. Biochem. Physiol .[] 82[] 79 – 93. 










































































































































































































































































































































































































































































































































































276 0000 Acta Entomologica Sinica 510 
ТИДИ ИИИ EET и иек Иа 
uuuBiuiuullLululLlutLL 
UD 0 'Dfadashi MYAT’ 0" 
O1.0000000000000000000 00000 00 3500020 2. Laboratory of Applied Entomology(] 
Graduate School of Bioagricultural Sciences Nagoya University[] Nagoya 464-8601[] Japan 
HUUODOUUUUOUUUUUUUUUUUUWUUOUUUUUUOUUWOUUUU 28 0000000 = 
ПО О UU О О О О ПО 00 0 О пп О 00 0 пп 00 0 6 0 0 00 0 0 0 00 UOUUUUUUUUUU 
üugganunggamaamuggagapdugddgiuagasp тоопооооовооооооо о воовооооо 
000 26.6%[22.8%0 5.8%0 0000 топ 0000С000000ШООООООООО00 00 76.9%0 
42.5%0 18.5%0П 0 ПО О D] H 00000 HELD D 00 DEO D О О О D. COE EL ELO DO 0 00 0 DO 6 0 0000 
üugganunggnguaagggangamguggpnpmapBpupnmeuu 10 000000000000 
HOUUUUUUUUUUUE 53.1%[36.1%0 47.890 0 00 О UD. D B. DE OE OE 00000 00 0 HE. 00 EC 
uguugiuumugiuuuuiudgiuiiululitutiuiulitlututuulbbtiuiuttuttuettttLL 

uüuutuiuliuLltuliiLtubiutiLtubiututtt 
uBuuuiutiuiliibiuttiliiiliiiiiiiuLltuti utl Ll 
000000 Q964 ОООООЏА 0000 0 0454-6296 2008003-0269-08 
















































































udi 


